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Abstract
Objective-To estimate the life expectancy in a

representative sample of men who have never
smoked and of those who have smoked all their
adult lives.
Design-15 year follow up of a large

representative cohort ofBritish men in the British
regional heart study and use of national mortality
statistics for 1992.
Subjects-7735 middle aged British men aged

40-59 at the time of screening (between 1978 and
1980).
Main outcome measures-Mortality from all

causes and from smoking related causes.
Results-1624 men had never smoked at the

time of screening and did not take up smoking
during the study. 127 of them died during follow
up. 3151 men began smoking before they were 30
and were still smoking at the time ofscreening. Of
these, 751 had stopped smoking five years after
screening; they were excluded from the analysis
five years after the date they had stopped. 560 of
the lifelong smokers died during follow up. When
study estimates were combined with those from
national mortality statistics for men aged 20-40,
only an estimated 42% (95% confidence interval
36% to 50%) of lifelong smokers alive at the age of
20 would be alive at 73, compared with 78% (74%
to 82%) of lifelong non-smokers.
Conclusion-These estimates present the ef-

fects ofsmoking on mortality in a way that is easily
communicated to patients and the general public
in health promotion initiatives.
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Introduction
Many studies have assessed the increase in risk of death

associated with cigarette smoking, and smoking is thought
to have a direct causal role in diseases such as respiratory
disease, coronary heart disease, stroke, and lung cancer.
Only a few reports, however, have directly estimated the
reduced survival prospects of smokers compared with
non-smokers,1"3 and none has done so for a representative
sample of British men. We followed up a cohort of 7735
men who are representative of the middle aged British
male population for up to 15 years as part of the British
regional heart study to estimate directly the survival pros-
pects in those who had smoked all their adult lives and in
those who had never smoked. The association between
cigarette smoking and death from all causes and between
smoking and the risk ofdeveloping several specific diseases
have previously been reported for this cohort."6

Subjects and methods
The 7735 men were aged between 40 and 59 in

1978-80 at the time of entry to the British regional heart
study, which has been described in detail." The men
were recruited from one representative general practice
in each of 24 towns in England, Wales, and Scotland. At
initial screening a questionnaire asking about lifelong
smoking habits and a range of other subjects was
administered by a nurse. Since then the men have been
followed up to ascertain whether they have died by tag-

ging their names on the NHS central registers at South-
port and Edinburgh and through their general
practices.8 By 31 December 1993, the cut off date for
this analysis, follow up was at least 99% complete.
The surviving men were also contacted by means of a

postal questionnaire five and 12 years after screening to
update their smoking status; response rates were 98%
(7276/7396) and 91% (5934/6528), respectively. Follow
up data on those who reported that they had stopped
smoking in the questionnaire sent to them five years after
screening were excluded from this analysis after they had
stopped smoking for five years. Men who had smoked
cigarettes but had given up before entering the British
regional heart study were not included in either of the
smoking groups because of the heterogeneous nature of
their smoking histories and because we wanted to study
the two extremes of lifelong smoking and not smoking.
We used standard life table techniques and first

included men in the life table at the age at which they
entered the study (referred to as left truncation by statis-
ticians) to estimate the percentage of subjects alive at 20
who would survive to 73. From 20 to 40 this percentage
was based solely on national mortality statistics for
19929 as the British regional heart study has no data on
mortality at these ages. From 40 onwards survival esti-
mates based on all the men in the British regional heart
study, regardless of smoking history, were compared
with survival estimates based on national mortality sta-
tistics for 1992.9
To assess the extent to which survival differences

were due to deaths from smoking related causes we
considered the following causes of death to be
potentially related to smoking: cardiovascular disease
(codes 390-458 of the International Classification of
Diseases, ninth revision (ICD-9)); respiratory disease
(codes 460-519); malignant neoplasms of the lip (code
140), tongue (code 141), mouth and pharynx (codes
143-149), oesophagus (ICD code 150), and pancreas
(code 157); respiratory system neoplasms (codes
160-163); urinary system neoplasms (codes 188-189);
and malignant neoplasms of unspecified site or second-
ary neoplasms (codes 195-199).

Results
By 31 December 1993, 1278 of the 7735 men in the

British regional heart study had died and 58 had
emigrated. Figure 1 shows the survival curves after the
age of 20 for men nationally and for the cohort in the
study. The close correspondence between the two
curves after the age of 40 shows that the men in the
British regional heart study are representative ofmen in
the general population.
At screening 5900 (76%) of the men had smoked

cigarettes at some time. They had begun smoking at a
median age of 16. Only 12.7% (749) started after the
age of 20, and only 1.3% (77) after the age of 30. A total
of 3151 men who began smoking before they were 30
were still smoking at the time of screening for the Brit-
ish regional heart study; 751 of them reported that they
had stopped smoking in the questionnaire sent to them
five years after screening. A total of 1624 (21%) of the
men had never smoked cigarettes, a pipe, or cigars. By
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Fig 1-Probability of survival to given ages for lifelong smok-
ers, lifelong non-smokers, and all men in British regional
heart study and from national data

December 1993, 127 lifelong non-smokers and 560
lifelong smokers had died. Figure 1 shows the survival
prospects of the 3151 lifelong smokers and the 1624
men who had never smoked. Of those alive at 20, an
estimated 42% (95% confidence interval 36% to 50%)
of lifelong smokers would be alive at 73 compared with
78% (74% to 82%) of lifelong non-smokers.
The association of some causes of death with

cigarette smoking-for example, suicidel'-is likely to
be due to confounding and not a causal effect of smok-
ing. We therefore repeated the life table analysis, sharing
all deaths unrelated to smoking between the two groups,
weighting them according to the numbers of lifelong
smokers and non-smokers at the time. This enables the
deaths unrelated to smoking to have an equal impact in
the two groups. Thus we tried to mimic a situation in
which deaths from smoking unrelated causes such as
suicide occur at a similar rate in smokers and those who
have never smoked. In this analysis 136 of the 687
deaths in the two groups were unrelated to smoking.
The results gave similar estimates to those obtained in
the main analysis (44% of lifelong smokers would
survive to age 73 compared with 77% of lifelong
non-smokers), suggesting that most of the difference in
survival between the smoking groups is accounted for
by deaths from causes known to be related to smoking.

Furthermore, we evaluated the association between
smoking and mortality in a Cox proportional hazards
model to assess the extent to which the association
could be explained by known confounders. Age rather
than time of entry to the study was the survival variable,
and we allowed for late entry into the risk set (subjects

Key messages

* Smoking increases the risk of death from lung cancer, coronary heart disease,
stroke, respiratory disease, and other diseases
* Estimates of life expectancy according to smoking habits have not previously
been available for a representative sample of British men
* Men who never smoke have a 78% chance of reaching 73; those who start
smoking by the age of 20 and never stop have a 42% chance
* These estimates are simple and understandable to patients and the general public
* Stopping smoking should lead to sizeable reductions in the risk of early death

being at different ages at the time the study started) by
fitting smoking as a time dependent covariate and treat-
ing men as having a missing value until the age when
they were recruited to the study. The univariate relative
hazard for lifelong smokers compared with lifelong
non-smokers was 2.69 (2.23 to 3.25). After adjustment
for calendar year, marital status, alcohol consumption,
social class, area of residence, and body mass index the
relative hazard was 2.41 (1.98 to 2.94).

Discussion
Our analyses suggest that most of the difference in

life expectancy between lifelong smokers and those who
have never smoked is due to smoking itself. However,
further confounding-by factors not yet recognised or
because of the imprecise measurement of known
factors-will occur to some extent.10 1 The overestima-
tion of the detrimental effects of smoking by confound-
ing will be counterbalanced to some extent by the error
in measuring smoking behaviour. This will lead to dilu-
tion of the associations with mortality and thus
underestimation of differences in survival.

Overall, the men in the British regional heart study had
age specific death rates similar to those in men nationally
in 1992 (fig 1). The fact that death rates have increased
slightly since the beginning of the study in 1978 indicates
that the men who entered the study have experienced
slightly lower death rates than others ofthe same age in the
general population. This means that both our estimates of
the probability of surviving to age 73 may marginally over-
estimate those that apply to men generally.
Our estimates are a useful guide to the likely mortality

in men who take up smoking, and they show a strikingly
favourable long term survival rate for those who never
smoke. Doll et al reported the survival prospects of smok-
ing and non-smoking British doctors.' On the basis of fol-
low up of some 35 000 British doctors, the probability of
surviving to 70 in those alive at 35 was 80% for those who
had never smoked and 59% for those who then smoked.'
Doctors, however, have a particularly low mortality: the
standardised mortality ratio for doctors of working age
around the 1981 census was 66.12 Survival estimates for a
representative sample of British men have not previously
been available. The considerable survival advantage for
non-smokers means that the effects of smoking on
mortality may be easily communicated to patients by gen-
eral practitioners and in health promotion initiatives.
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